Aims: Mastitis is one of the very important and most common diseases among dairy cattle globally which leads to severe economical losses in the dairy industry. For the sustainability of the dairy sector it is critical that efficient, economically feasible treatment regime is available for clinical cases Jayaweera et al.; SAJRM, 1(2): 1-13, 2018; Article no.SAJRM.41069 2 of mastitis as a part of the control program with minimum risk for residues in milk. Antimicrobials are the most common drugs of choice for controlling and preventing this devastating condition. But the frequent use of antibiotics leads to the development of resistant bacteria which could have an adverse effect on human health as well. To mitigate this destructive constraint in the industry, identifying the etiology and their susceptibilities to remedial measures are of paramount importance. Hence this study was aimed at isolating and identifying the common bacterial etiology Escherichia coli, Klebsiella spp. and Staphylococcus spp. of mastitis and evaluating the antimicrobial susceptibility of the isolates in order to develop mastitis control strategies in the area. Study Design: Milk samples were collected from mastitic cows in different stages including subclinical and clinical cases based on the results of California Mastitis Test Place and Duration of Study: Samples were collected from dairy farms in Nuwera Eliya District, Sri Lanka and Laboratory investigations were carried out in the Laboratory of Livestock Production, Faculty of Agricultural Sciences, Sabaragamuwa University of Sri Lanka, Between Aug. 2017 and Nov. 2017. Methodology: E.coli, Klebsiella spp. and Staphylococcus spp. were isolated from 31 milk samples and susceptibility to commonly used antibiotics (Trimethoprim, Oxytetracycline, Chloramphenicol, Cephalexin, Enrofloxacin and Ciprofloxacin) was determined by Kirby Bauer disk diffusion method. Results: The study revealed that the most common isolate was the Klebsiella spp. and it is 54.8% and other two organisms Staphylococcus spp. had 51.6% and Escherichia coli 41.9%. Of all isolated pathogen, 97.1% exhibited resistant to Cephalexin and it was the highest while lowest resistance was to Chloramphenicol (31.4%). Among the other antibiotics, 54.3% of total isolates showed resistance to Trimethoprim followed by 42.9% to Oxytetracycline and Enrofloxacin, 34.3% was resistant to Ciprofloxacin. Resistance to at least one antibiotic was observed for the isolated microorganisms. All the three isolated pathogens are more resistant to Cephalexin. Both E. coli and Klebsiella spp. show 100% resistance to Cephalexin while Staphylococci had 92.9% resistance. This further revealed that E. coli (10%) and Klebsiella spp. (27.3%) are showing the least resistance to Chloramphenicol, None of Staphylococcus spp. (0%) isolated show resistance to Enrofloxacin.
INTRODUCTION
Dairy farming has been a part of agriculture for thousands of years and it is a popular business which involves rearing animals such as cows, goats, sheep, camels, and buffaloes etc. for the purpose of harvesting their milk for human consumption. Among the other livestock animals, rearing of cows is very popular in many countries including Sri Lanka According to the International Dairy Federation (2016) [1] , 29% of world cow's milk production is fulfilled by Asia. Bunch of constraints are found in dairy industry worldwide, diseases are one of the major constraints in dairy industry. Among the diseases, mastitis is one of the major economically important, most prevalent production diseases in dairy herds world-wide and it leads to a devastating economical loss due to the reduction in milk production, decrease in milk quality and poor hygiene in milk [2] . Mastitis causes to 30.0 percent less productivity per quarter and 15 percent production per cow [3] , and loss of milk yield is estimated to range from 100 to 500 kg/cow per lactation. Mastitis accounts for about 38 .0 percent of the total direct costs of the common production diseases [4] worldwide.
Prevention of this disease is a crucial fact in order to prevent losses in the industry and to maintain the quality of milk. Mastitis can be defined as an inflammation of the parenchyma of the mammary gland that can be of an infectious, traumatic or toxic nature [2] . It is a persistent, inflammatory reaction of udder tissues of the animal and it has been identified as a potentially fatal disease. Thus prevention of this constrain is must for the sustainable dairy industry in a country by understanding the predisposing factors including management aspects and moreover identifying the etiologies and their susceptibilities to remedial measures [4] .
Mastitis is caused by wide variety of microorganisms including bacteria, mycoplasma, yeasts, algae etc. and among the etiologies; bacteria are playing a major role in causing mastitis [4, 5] . It is a complex disease, numerous causative agents and the varied management and environmental practices that influence the severity of the disease [6] . However, almost any microbe can opportunistically invade udder tissue and can lead to mastitis. Whatever it is, most infections are caused by various species of Streptococci, Staphylococci and gram-negative rods, especially lactose-fermenting organisms of enteric origin, commonly termed coliforms [7] . Infection can spread either animal to animal as a contagious form or environmental. However, as it is a contagious disease, correct identification and practicing proper control measures including the correct therapeutic applications of drugs for the pathogen is crucial.
Antimicrobial therapy is one of the most effective and commonly practicing methods of controlling mastitis. In this situation the use of correct, effective drug is more vital because of the widespread use of antibiotics; resistance profile of microorganisms is increasing among bacteria. Antimicrobial resistance is a main public health concern now a day worldwide and public hazards associated with the consumption of antibiotic contaminated milk could be allergic responses, changes in intestinal flora and development of antibiotic resistant pathogenic bacteria [8, 9] . The expansion of resistance both in human and animal bacterial pathogens has been allied with the widespread remedial use of antimicrobials or with their administration as growth promoters in animals. Further transfer of antimicrobial resistant bacteria such as S. aureus to humans via the food chain has been reported [10] . Although there are many reasons which compromise antibiotic treatment of S. aureus mastitis, resistance of bacteria toward antibiotics is one of the most important [11, 12] .
During the process of controlling the disease, selection of most appropriate antibiotic for the purpose of inhibiting the growth and spread of the causative bacteria is an effective way in order to reduce the idle money wastes. It is important to prevent the disease going worst and to get a rapid cure of an infected animal as well. Selection of the appropriate antibiotic depends on the organisms which are responsible for the disease in a particular situation. However the organism which causes the mastitis can vary from country to country, region to region etc. due to the huge variation of preferable environmental conditions of different microorganisms. As well as the antibiotic resistance of the same species may vary from place to place and duration to duration as well.
Increasing antimicrobial resistance has become a serious concern throughout the world. Mastitis is said to be the most common reason for antibiotic use in dairy herd. Hence, antimicrobial resistance of mastitis pathogens has received recent attention [13, 14] . With the development of antibiotic resistance by different microorganisms, most appropriate antibiotics to be used against them also vary from place to place and time to time [15, 16, 17] .
Hence isolation and identification of mastitiscausing pathogens and testing their sensitivity to different antibiotics is vital to the management in order to select the most suitable antibiotics which can effectively control the causative agent. Ultimately it facilitates to control the spread of disease effectively. There are scanty of studies already done in Sri Lanka regarding this topic. This study was aimed at isolating and identifying the common bacterial etiology Escherichia coli, Klebsiella spp. and Staphylococcus spp. of mastitis and detecting the susceptibility of these isolates to six commonly used antibiotics.
MATERIALS AND METHODS

Sample Collection
Thirty one animals having either clinical or sub clinical form of Mastitis based on the California mastitis test (CMT) [18] were selected. Having cleaned the udder of selected cows with clean water and 75% alcohol, mid stream milk samples were aseptically collected in to cleaned sterile 50 ml falcon tubes. Samples were transported to the Laboratory of Livestock Production, Faculty of Agricultural Sciences, under cool conditions in ice and samples were processed as soon as the arrival.
Isolation and Identification of E.coli, Klebsiella spp and Staphylococcus spp.
Milk samples were subjected to Pre-enrichment in a non selective media (Peptone broth) and incubated for 24hours at 37 o C. Subsequently samples were inoculated from preenrichment broth to selective/differential media (MacConkey agar, Eosin Methylene blue agar, Baird Parker Agar and Mannitol salt agar). Bacterial colonies were selected (five colonies from a plate) randomly and identified using traditional method which includes culture characteristic on selective media, gram-staining and biochemical reactions, according to Bergey's Manual of Determinative Bacteriology [19] , [20, 21, 22] 
Antibiotic Sensitivity Test
Sensitivity to antibiotics was tested by using the Kirby Bauer disk diffusion method [23] found that presence of E. coli in the mastitic milk, this study also showed the presence of E. coli [18] . Other studies also revealed that many microorganisms in mastitic milk samples and the common microorganisms associated were Pseudomonas, coagulase negative Staphylococci, E.coli, Streptococci and etc [27, 28] . Further, another study showed, the prevalence of major pathogens isolated in Bangalore, India was 24% for Staphylococcus aureus, 20% for E. coli followed 16% for S. epidermidis and Streptococcus spp and 10% for Klebsiella spp [5] . The study done in a separate geographical location in Sri Lanka showed that high prevalence of Staphylococcus spp, E.coli and Streptococcus spp [29] . In many studies, Staphyloccocus spp, E.coli and Klebsiella spp has been found as the common etiologies in line with the current study [30, 31, 32, 33, 34 ].
RESULTS AND DISCUSSION
Isolated Organisms
Antibiotic Sensitivity Test
Forty percent of E. coli (4/10) isolates, of Klebsiella spp 63.6% (7/11) and 57.1% (8/14) of Staphylococcus spp. isolates showed resistance to Trimethoprim. Whereas for the Oxytetracycline, Staphylococcus spp. showed the highest resistance compared to the other two isolates and it was 57.1% resistance (8/14) followed by Klebsiella spp (45.5% resistance; 5/11) and E. coli with 20% resistance (2/10).
Fig. 1. Distribution of isolated organisms (E. coli, Klebsiella spp and Staphylococcus spp.) in bovine mastitic milk samples
Further, this study revealed that for Chloramphenicol, E. coli (1/10). Klebsiella spp (3/11) and Staphylococcus spp (7/14) showed 10%, 27.3% and 50% resistance respectively. All three organisms exhibited the highest resistance to Cephalexin with the rates of 100 (10/10) %, 100 (11/11) % and 92.9 % (13/14) for E. coli, Klebsiella spp. and Staphylococcus spp., respectively. E. coli showed 60% (6/10) and 30% (3/10) resistance against enrofloxacin and ciprofloxacin whereas Klebsiella spp showed 81.8% (9/11) and 72.7% (8/11) resistance to both the antibiotics respectively. But the all isolates of Staphylococcus spp showed 100% sensitivity to enrofloxacin and for the ciprofloxacin it was 92.9% (13/14). More interestingly there was an isolate of Klebsiella spp which had resistance to all six antibiotics tested in the study (Fig. 2) .
Among the E. coli isolates which used for antibiotic sensitivity testing (10 isolates), five isolates have been shown resistance to more than one antibiotic used in the study ( A study was done in Thailand shown that E. coli isolated from cows with subclinical mastitis, had resistant to ampicillin, carbenicillin, and sulfamethoxazole-trimethoprim [35] . A study by Das and his colleagues found the occurrence of ESBL (extended-spectrum βlactamase) producing Gram-negative isolates in subclinical mastitic cattle West Bengal [36] . Further supporting the findings of the current study, multidrug resistance (≥3 to 6 antimicrobials) was seen in 40% of E. coli isolates from healthy lactating cattle in a study done by Sawant and his group [37] . The metagenomics study revealed the presence of multiple resistant genes in cow manure [38] and it has shown the possibility of possessing a phenotype of multidrug resistant in agreement with this study. A study conducted to determine the molecular characteristics, antibiogram and prevalence of multidrug resistant S. aureus from culled dairy cows and from cows with acute clinical mastitis, revealed that S. aureus isolates were resistant to erythromycin, penicillin, streptomycin, doxycyclin and Trimethoprim/sulpha and also it has shown that MRSA isolates were completely resistant to ten commonly used antibiotics such as, ampicillin, penicillin, streptomycin, gentamycin, erythromycin, ciprofloxacin, Oxytetracycline, Trimethoprim/sulphamethoxazole, enrofloxacin and doxycyclin [39] , in line with this study.
Moreover, in comparison with the study, several other researches also have shown the presence of multidrug resistant organisms in bovine milk samples [40, 41, 42, 43, 44] . (Fig. 3) .
In a similar study conducted in Finland and Israel using bovine mastitic milk samples in year 2003, E. coli had shown a 16% resistance to Cephalexin, 4% and 2% resistance to Trimethoprim 0% resistance to Ciprofloxacin [45] . In this study also the least resistance of E. coli was observed for Ciprofloxacin while 100% E. coli resistance was observed against Cephalexin. It may be due to the increase in the use of particular antibiotic. However, Ciprofloxacin seems to be still an effective antibiotic in other countries as well.
Fig. 3. Overall resistance of isolated organisms from bovine mastitic milk to antibiotics; Trimethoprim, Oxytetracycline, Chloramphenicol, Cephalexin, Enrofloxacin and Ciprofloxacin
Another study done in the United States had revealed that there was a 5.5% resistance of an E. coli strain which causes urinary tract infection [46] . However, Murray and his research group [47, 48] , found that E. coli as the predominant organism it has shown the resistance to Trimethoprim having 96% resistance.
Thaker et al. has shown that the S. aureus isolated from bovine mastitic milk possess highest sensitivity towards cephalexin (100%) whilst 80% resistance for Ciprofloxacin 20% for Oxytetracyclin [49] . In this study Staphylococci spp showed a 92.9% resistance whilst other two genera showed 100% resistance against Cephalexin. This again shows the low efficiency of Cephalexin. These results may be some shreds of evidence to say that Cephalexin has already become less efficient in many countries. But in that study 80% resistance had been observed against Ciprofloxacin. But in this study Ciprofloxacin had performed better than other antibiotics against Staphylococci a resistance as low as 7.1%. This shows the variation of the antibiotic resistance in different geographical locations and with the time even within the same genera.
However, when the results of all these studies are compared, it is crystal clear that there can be a huge variation of the resistance pattern within the same genera against the same antibiotic when the study area, time etc. differ. Hence it is important to conduct similar studies further in order to identify the variation of mastitis etiologies and their antibiotic sensitivity. This study demonstrated that the antibiotic susceptibility tests (ABST) are vital for the selection of the most effective treatment for mastitis caused by Escherichia coli, Klebsiella spp., and Staphylococcus spp. organisms.
CONCLUSION
Among the three isolated organisms, the most common organism isolated was Klebsiella spp. followed by Staphylococcus spp., E. coli and there is a resistance of isolated organisms to some commonly used antibiotics.
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